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A main drawback of 20–25 MHz ultrasound units for face. Underneath, a second echopoor band is visible,
which corresponds to the viable epidermis plus theskin imaging is their limited resolution. We used a
transducer with a center frequency of 95 MHz and a papillary dermis, bordered by the scattered echo
reflexes of the reticular dermis. This band is also visibleresolution of 8.5 mm axially and 27 mm laterally – an
almost 10-fold increase compared with 20 MHz. By in glabrous skin; however, the stratum corneum cannot
be detected. In psoriatic lesions, the thickened hornymeans of a new scanning technology we reached a
depth of field of 3.2 mm. We examined normal palmar layer appears echorich; after application of petrolatum,
its echodensity decreases. Below, the acanthotic epi-skin, normal glabrous skin on the abdomen, the upper
back, the calf and the dorsal forearm, and 35 lesions dermis plus the dermis with the inflammatory infiltrate
are represented as an echopoor band. There is anof psoriasis vulgaris. From 11 psoriatic plaques biopsies
were taken for correlation with the sonograms. In excellent correlation between the sonometric thickness
of this band and the histometric thickness of thenormal palmar skin, the horny layer is represented as
an echopoor band below the skin entry echo, traversed acanthosis plus the infiltrated dermis. Our results
show that 100 MHz sonography is a valuable tool forby echorich coils, which correspond to eccrine sweat
gland ducts. The thickness of this band significantly in vivo examination of the upper skin layers. Key words:
B/D-scan/high resolution ultrasound/psoriasis vulgaris/increases after occlusive application of petrolatum. Its
lower border is defined by an echorich line, repres- stratum corneum. Journal of Investigative Dermatology
113:821–829, 1999enting the stratum corneum/stratum Malpighii-inter-
D Below, a broad, echorich band with scattered reflexes is seen,which corresponds to the dermis. This is followed by the echolucentsubcutaneous fat with its echorich connective tissue septae. Theepidermis cannot be visualized, and certainly structures within theepidermis cannot be differentiated (El Gammal et al, 1993; Fornageuring the past 10 y, sonography of the skin hasgained increasing importance as a noninvasiveimaging method in dermatology. Clinical applica-tions are the preoperative determination of theextension of skin tumors (Hoffmann et al, 1992;
Fornage et al, 1993; Gropper et al, 1993; Harland et al, 1993; El et al, 1993). Varying pathologic processes (virtually all skin tumors,
inflammatory infiltrates, edema, scar tissue, elastosis) as well as skinGammal et al, 1993; Semple et al, 1995; Gupta et al, 1996a), the
monitoring of inflammatory lesions (Di Nardo et al, 1992; Stiller appendages and large blood vessels are represented as echopoor
areas within the echorich dermis (Altmeyer et al, 1992; El Gammalet al, 1994; Vaillant et al, 1994; Hoffmann et al, 1995; Gupta
et al, 1996b), and the objective judgement of patch test reactions et al, 1993; Fornage et al, 1993).
In order to improve the resolution of sonographic images of the(Seidenari and di Nardo, 1992; Serup and Staberg, 1987; Seidenari,
1995), to name but a few. A main drawback of the commercially skin, we developed an ultrasound imaging unit using a 100 MHz
transducer (Paβmann et al, 1993). The high center frequency andavailable scanners, which use transducers with center frequencies
of 20–25 MHz, is their limited resolution of about 80 µm axially band width of the transducer leads to an axial resolution of 8.5 µm;
its strong focusing accounts for a good lateral resolution of 27 µm.and 200 µm laterally. Sonograms of normal skin show at their
upper border a thin, very echorich line, the so-called entry echo. A new scanning technology allows structures up to a depth of
3.2 mm below the skin surface to be visualized, despite the high
frequency. In this paper we describe our experiences using this
ultrasound unit for the evaluation of normal glabrous and palmar
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Table I. Characteristics of the 100 MHz transducera
manufacturer Ultran Laboratories, Boalsburg, PA, USA
construction ceramic transducer with a quarz coupling layer
piezoelectric properties center frequency fm 5 86 MHz
(influenced by the water coupling medium)
center frequency fm 5 95 MHz
(after compensation for the water coupling medium)
band width ∆f 5 107 MHz
geometry radius of curvature (focus length) R 5 4.3 mm
diameter of the acoustic surface 2a 5 3.2 mm
angle of aperture Θmax 5 20°
relative focus length F 5 1.34
length of the focus zone d.f. 5 400 µm
resolution axial (theoretical) 6.6 µm
axial (in practice*) 8.5 µm
lateral (in the focus zone) 27 µm
aThe axial resolution was calculated using the width of the 6 6 dB level of the received echo signal and assuming a mean sound speed of 1580 m per s. *Measured on a
glass plate.
an IEEE 488 data bus. The transmitter unit consists of a polynomal A-scan combined with a nonrecursive digital filter of the order of 10. This
linear phase filter has a pass-band cut-off frequency of 150 MHz.waveform synthesizer (model 2045, Analogic, Peabody, MA) and an
amplifier (model 250 L, Amplifier Research, Souderton, PA). A high-
Image analysis For image analysis we used the program AnalySIS (Softspeed transmitter/receiver switch, developed at the Institute for High
Imaging Software GmbH, Mu¨nster, Germany). The structure of interestFrequency Engineering of the Ruhr-University Bochum, directs the
within the sonographic image (e.g., entry echo or echopoor band) wasamplified electrical pulse to the transducer, where this pulse is transformed
manually delimited by a polygon, using a position cursor. Its mean diameterinto an acoustic wave, which propagates through the coupling medium
in y-axis was calculated as the average length of all A-scans in the polygon.(water) into the skin. Echo signals are reflected from skin regions with
The mean gray level of the polygon area was also determined; its valuedifferent acoustic impedance and return to the same transducer, which
ranges from 0 (black) to 255 (white).transforms the detected echo signals into voltage oscillations. After low-
noise preamplification (AU-1301, Miteq, Haupauge, NY), these voltage Three-dimensional sonography One hundred and twenty-eight serial section
oscillations are amplified by a time-gain-control amplifier. Amplification gray-level sonograms were recorded and stored in a data block of 128
is controlled by an arbitrary function synthesizer (model 9100, LeCroy) to (lateral x-direction) 3 128 (lateral y-direction) 3 1024 (in-depth z-
allow for optimal compensation of the ultrasound attenuation over depth. direction) points. A two-dimensional horizontal projection (128 3 128
Finally, the echo signal is digitized by a real time digitizer (RTD 720, points) was calculated from this data block by adding up the brightness
Tektronix, Beaverton, OR) and further processed by the computer. intensities of all points along the depth- (z-)axis.
100 MHz Transducer Table I summarizes the characteristics of the
Patients All patients and volunteers gave informed consent for all100 MHz transducer. The axial resolution is determined by the band
examinations.width, the lateral resolution by the geometry of the transducer. Using a
highly focused transducer we obtained a high lateral resolution but had to Normal palmar skin Ten right-handed volunteers with healthy skin (five
deal with a short length of the focus zone of only 400 µm. In order to men and five women, age 29–76, mean 56.4) were investigated. Sonograms
obtain a sharp image not only from a stripe of 400 µm, but from a wider were taken from the palmar side of the distal segment of the right and left
part of the skin, we developed a mechanical focusing procedure, which index finger. Then on the left index finger a Finn chamber filled with
we call B/D-scan (brightness/depth-scan, Paβmann et al, 1993). 0.1 ml of petrolatum was applied on the palmar side of the end phalanx,
fixed with tape, and left in place for 180 min. After removal and wipingB/D-scan technology The principle of this method is to compose the
off of the petrolatum, sonography was performed again. In one person thesonogram of several 400 µm wide image stripes, which are recorded one
horny layer of the palmar side of the right forth finger was removed byafter the other, each in the focus zone of the transducer. After the uppermost
successive stripping with adhesive tape. Sonograms were taken before andstripe is recorded by lateral movement of the transducer over the selected
after 50, 100, 150, 200, 250, 300, and 350 tape strips. In three volunteersarea, the transducer is moved vertically 400 µm towards the skin surface
three-dimensional sonograms (see above) were recorded from the tip ofbefore the next recording is performed. This procedure is repeated for
the left index finger.every image stripe. To eliminate movement artefacts between adjacent
stripes, the overlapping parts (nearfield and farfield) are used for adjustment Normal glabrous skin Sonograms were taken from volunteers with healthy
by the computer program, which puts together the final image. Every skin (age 20–32, mean 24.1) on the abdomen about 3 cm lateral the
sonogram is composed either of eight stripes of 400 µm width (image umbilicus (n 5 8), the upper back over the scapula (n 5 11), the dorsal
depth 3.2 mm) or of four stripes (1.6 mm depth). The main disadvantage forearm (n 5 9), and the calf (n 5 14). In several persons we took
of this method is the prolonged image acquisition time of 1.5 s per B/D- sonograms on the volar wrist at the transition from palmar to glabrous skin.
stripe, i.e., 12 s for a sonogram of eight stripes, requiring a stable position
of the investigated part of the body. Psoriasis vulgaris Thirty-five untreated, infiltrated and slightly scaly psoriatic
lesions on the extremities of 18 patients with chronic plaque-type psoriasis
Applicator The transducer is housed in an applicator out of plexi glass, vulgaris were investigated. Sonograms were taken in the center and the
with three motors to move it laterally and vertically. The applicator has margin of the lesions and in the surrounding normal skin. In some patients
an opening of 4 3 15 mm, which is pressed to the skin surface. Water is we took ultrasound pictures also after occlusive application of petrolatum
used as coupling medium. for 60 min and after removal of the scales by tape stripping. In 11 patients,
a biopsy was taken after sonography. In order to obtain exactly correlating
Image processing sonographic and histologic images, a 10 mm long line was drawn on the
skin in the plane of the B-scan. After local anesthesia of the area, the skinImage demodulation This procedure involved two steps for every picture.
First, the internal echoes of the 100 MHz transducer were eliminated. The was cut along this line down to the subcutis. Then a spindle-shaped
excision was performed with this cut in the center. The two halves of theoscillation curves of all neighboring A-scans of the image were averaged
and the mean oscillation curve was then subtracted from every single A-scan. tissue spindle were separated and their central cutting planes placed on
cardboard. This prevents warping of the tissue during fomalin fixation. InThen the A-scans were demodulated. The envelope curve is determined by
two complex fast fourier transformations for every A-scan. This procedure the histologic sections, the thickness of the viable epidermis (from the
stratum granulosum to the lowest points of the rete pegs), the thickness ofprovides optimal results, but does not allow the recorded data to be viewed
promptly. For this purpose we additionally implemented a fast method of the inflammatory infiltrate (from the uppermost parts of the dermal papillae
downwards), and the thickness of both the epidermis plus the infiltrateddemodulation consisting of a digital rectification of the high-frequency
VOL. 113, NO. 5 NOVEMBER 1999 100 MHZ SKIN SONOGRAPHY 823
Table II. Thickness of the entry echo, EPB 1, and EPB2a scattered reflexes of the dermis (Figs 1, 2). This border is too
straight to correspond to the undulating dermo–epidermal junction
Entry echo EPB 1 EPB 2 (Figs 1, 2), it rather represents the interface between the papillary
and reticular dermis.
Right index finger 83 6 8 158 6 48 222 6 25
(n 5 10) Sweat gland ducts are visible as echorich structures in the horny layer In
Left index finger (n 5 10) 76 6 5 97 6 15 203 6 16 the EPB1, twisted, echorich, about 100 µm wide structures are
Left index finger after 88 6 14 194 6 44 230 6 31 seen, which cross the EPB 1 vertically (Figs 1, 2). The distance180 min petrolatum
between two of them is 800–950 µm or a multiple. Each ends in(n 5 10)
a small dip on top of a dermatoglyphic crest (Fig 2). In the EPBAbdomen (n 5 8) 75 6 11 97 6 17
2 they are rarely visible, and they cannot be detected in theUpper back (n 5 11) 91 6 30 110 6 23
echorich dermis either. The three-dimensional sonogram (viewForearm (n 5 9) 82 6 12 126 6 16
Lower leg (n 5 14) 75 6 14 121 6 20 from above, insert of Fig 2) demonstrates that these structures are
Psoriasis (n 5 35) 111 6 16* 440 6 69 the correlate of eccrine sweat gland ducts: they are represented as
light points arranged in rows on the dermatoglyphic crests.aMean value (µm) 6 SD. *Entry echo and underlying echorich lines measured
together. Normal glabrous skin
The horny layer is sonographically invisible; the viable epidermis is
echopoor Figure 3 shows the transition from palmar to glabrousdermis were measured, using the same image analysis program as for the
skin on the wrist: the upper and lower border of the EPB 1 (entryultrasound images.
echo and echorich line below) merge into one echorich line in
Statistics Using the Wilcoxon test for paired observations we compared glabrous skin, so that the EPB 1 disappears. The thin stratum
the thickness of the entry echo, the EPB 1, and the EPB 2 (for definition corneum of glabrous skin obviously cannot be differentiated in
see Results) in the right versus the left index finger and in untreated skin 100 MHz sonograms. The EPB 2 remains as the only echopoor
of the left index finger versus after the application of petrolatum under band between the entry echo and the dermal reflexes. Whereas
occlusion for 180 min. The U test (Mann–Whitney-Wilcoxon) for unpaired the thickness of the entry echo is about the same as in palmar skinobservations was used to compare the thickness of the entry echo in normal
(Table II), the EBP 2 of glabrous skin is markedly thinner thanskin versus the thickness of the upper echorich band in psoriasis. p values
on the palms. On the lower extremities it is thicker than on theof 0.05 were considered significant. By means of the linear regression
trunk (Table II).analysis we checked whether there is a significant correlation between the
thickness measurements in sonographic images and the corresponding
Hair follicles are echopoor in the echorich reticular dermis Below thehistologic sections.
EPB 2 the reticular dermis is visible as an echorich zone with
RESULTS densely scattered, confluent echo reflexes. It is sharply demarcated
from the very echopoor subcutaneous fat. Within the dermis, hairNormal palmar skin
follicle complexes are visible as homogeneous echopoor structures
(Fig 4a, b). When they are cut longitudinally (Fig 4b), anagenThe horny layer is represented as echopoor band below the skin entry
from telogen follicles can be differentiated by the location of theecho In 100 MHz sonograms of palmar skin, an echorich entry
bulb (in the anagen stage in the subcutis, in the telogen stage inecho is seen at the upper border (Figs 1, 2). Its thickness on the
the reticular dermis).index finger is shown in Table II. Where the dermatogylphics are
crossly cut (which is usually the case), the entry echo is wavy; in
Psoriasis vulgaris Compared with normal skin, lesions of psori-parts with longitudinally cut dermatoglyphics, it is a straight line.
asis vulgaris show distinct alterations of the entry echo, EPB 1 andBelow the entry echo, there is an echopoor band, which we will
EPB 2.call EPB 1 (echopoor band 1). It is followed by an echorich line,
which runs parallel to the entry echo but is less intense (Figs 1, In untreated scaly psoriatic plaques, the horny layer is echorich; after
2). The following observations and experiments give evidence that treatment with petrolatum its thickness increases and echodensity
the EPB 1 represents the stratum corneum: decreases In untreated scaly plaques, directly below the entry echo
several parallel, echorich lines are seen (Figs 5a, 6a). They melt1 In right-handed persons the right index finger has a significantly
with the entry echo into an echorich band, which is significantlythicker EPB 1 than the left index finger (p 5 0.005, see Table II).
thicker than the entry echo in normal skin (Table II) and has a2 Application of petrolatum on the distal segment of the index
much more irregular surface (Figs 5a, 6a). Within this band, therefinger for 180 min under occlusion results in a 100% increase in
are focal regions with decreased echodensity (Fig 6a, arrows); thesethe thickness of the EPB 1 (significant at p , 0.005, see Table II,
echopoor parts are bordered by a thin entry echo at the top and aFig 1a, b). The thickness of the entry echo does not change
thin echopoor line at the bottom, like the EPB 1 in palmar skin.significantly.
The following observations show that the described band represents3 When the horny layer of the finger tip is gradually removed by
the hyperkeratotic horny layer: after application of petrolatumtape stripping, the thickness of the EPB 1 decreases accordingly
under occlusion for 60 min on a hyperkeratotic psoriatic plaque(88 µm before stripping, 76, 81, 54, 45, 24, 20 µm after 50, 100,
the thickness of the band increases, and its echodensity markedly150, 200, 250, 300 tape strips). After 350 strips, when the
decreases. In its whole length it can now be distinguished as anglistening layer becomes apparent, the EPB 1 is no longer detectable
echopoor band with the entry echo as the upper and a thin echorichsonographically. The thickness of the entry echo does not change.
line as the lower border (Fig 5b). Sequential tape stripping of the
The stratum corneum/stratum Malpighii-interface is an echorich line; the scaly surface results in a gradual decrease in the thickness of the
echopoor band beneath represents the viable epidermis together with the echorich band. When the scales are removed entirely, only a single
papillary dermis Below the EPB 1, a second echopoor band is echorich line remains, the thickness of which is equivalent to the
seen, which we will call EPB 2 (echopoor band 2). The thickness one of the entry echo in normal skin (see Fig 5c). We can conclude
of the EPB 2 on the index finger is shown in Table II. Neither that the dry hyperkeratotic horny layer of psoriatic plaques is
removal nor swelling of the horny layer changes its thickness predominantly echorich, but becomes echopoor when occluded
significantly (Fig 1a, b, Table II). The EPB 2 is separated from with an emollient.
the EPB 1 by an echorich line, representing the interface between
the waterpoor stratum corneum and the moist, living part of the The acanthotic epidermis and the dermis with the inflammatory infiltrate
are represented as one echopoor band At the border of a psoriaticepidermis. The lower border of the EPB 2 is defined by the
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Figure 1. The thickness of the EPB 1 markedly
increases after application of petrolatum. Palmar
side of the left index finger of a 30-y-old woman
(distal phalanx). W, water (coupling medium); E,
entry echo; EPB1, echopoor band 1; EPB2, echopoor
band 2; D, dermis. (a) Before treatment; (b) same
location after occlusion with petrolatum for 180 min.
Distance between two graduation marks 5 100 µm.
Figure 2. Sweat gland ducts are represented as
echorich structures in the EPB 1. Palmar side of
the right index finger of a 39-y-old man. W, water
(coupling medium); E, entry echo; D, dermis; arrows,
sweat gland duct orifices. Distance between two
graduation marks 5 100 µm. Insert: Horizontal
brightness projection of a three-dimensional sonogram
from the left index finger of a 29-y-old man (original
size 10 3 5 mm). On the crests of the dermatoglyphics,
white points in a row are seen, which represent
echorich sweat gland ducts.
VOL. 113, NO. 5 NOVEMBER 1999 100 MHZ SKIN SONOGRAPHY 825
Figure 3. At the transition from palmar to
glabrous skin the EBP 1 disappears, the EPB 2
remains. Wrist of a 33-y-old woman. G, glabrous
skin; p, palmar skin; D, dermis. Distance between
two graduation marks 5 100 µm.
Figure 4. Hair follicles are represented as
echopoor structures in the echorich dermis. (a)
Thigh of a 38-y-old man; *cross-sections of hair
follicles; D, dermis. (b) Thigh of a 33-y-old woman;
*longitudinal sections of hair follicles; D, dermis.
Distance between two graduation marks 5 100 µm.
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Figure 5. Border of a psoriatic plaque on the thigh
of a 65-y-old woman. (a) In psoriasis, the entry echo
and the echorich lines beneath form a homogeneous
echorich band (*), corresponding to the horny layer.
Below, the EPB 2 cannot be separated from the dermis
(D) because of a strong dorsal signal attenuation. Before
treatment. (b) After occlusion with petrolatum for
60 min, the above mentioned band (*) is increased in
thickness and decreased in echodensity. It is now
demarcated by the entry echo and an echorich line at
the bottom. EPB 2 echopoor band 2, D dermis. (c)
After complete removal of the scales after 40 tape strips,
the upper band is not discernible anymore, a thin entry
echo remains. Signal attenuation is markedly reduced,
allowing to separate the EPB 2 from the dermis (D).
Distance between two graduation marks 5 100 µm.
lesion, the EPB 2 of normal skin widens into a broad echopoor band Fig 6a, b). No significant correlation was observed between the
thickness of the echopoor band and the epidermis, respectively, the(Table II). The thickness of this band correlates very well with
the thickness of the acanthotic epidermis plus the dermis with the infiltrated dermis alone. The lower, quite straight border of EPB2 is
defined by the scattered reflexes of the dermis.inflammatory infiltrate in the corresponding histology (r 5 0.94,
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Figure 6. There is an excellent correlation
between the sonometric thickness of the EPB 2
and the histometric thickness of the acanthosis
plus the infiltrated dermis. Psoriatic plaque on the
calf of a 36-y-old man. (a) 100 MHz sonography.
Arrows, areas of decreased echodensity within the
echorich upper band. Thickness of the EPB2 5
460 µm. D, dermis. (b) Corresponding histology.
Thickness of the viable epidermis plus the dermis
with the inflammatory infiltrate 5 478 µm. Distance
between two graduation marks 5 100 µm.
could not find this effect, probably because the marked undulation
Table III. Mean gray level of the entry echo, EPB 1, EPB 2, of the border between the coupling medium and the stratum
and the dermisa corneum produces complex converging and diverging reflexes,
which sum up to an echorich entry echo and mask the effect of
Entry echo EPB 1 EPB 2 Dermis the petrolatum on the skin surface. In palmar skin, the underlying
EPB 1 has an echodensity of about 16. Energy absorption in theRight index finger 87 6 11 16 6 5 5 6 1 21 6 5
EPB 1, respectively, the horny layer, accounts for the fact that the(n 5 10)
EPB 2 and the dermis of palmar skin are about 10 gray levelsLeft index finger 103 6 2 17 6 3 5 6 1 18 6 4
(n 5 10) echopoorer than in glabrous skin. Figure 3 demonstrates the
Left index finger after 100 6 9 16 6 3 6 6 1 16 6 5 difference in dermal echodensity between palmar and glabrous
petrolatum (n 5 10) skin. In psoriasis, the echorich uppermost layer, which corresponds
Abdomen (n 5 8) 90 6 23 12 6 4 29 6 9 to the thickened horny layer and – together with the entry echo –
Upper back (n 5 11) 105 6 25 15 6 6 32 6 13 has a mean gray level of 62, accounts for a marked dorsal signal
Forearm (n 5 9) 86 6 18 9 6 2 26 6 5 attenuation (see also Figs 5a–c, 6a). The echodensity of the dermisLower leg (n 5 14) 101 6 20 12 6 5 30 6 7
is therefore markedly lower than in normal skin. When there isPsoriasis (n 5 35) 62 6 16* 3 6 1 9 6 3
pronounced hyperkeratosis, frequently a complete dorsal signal
attenuation is encountered, which makes it impossible to defineaMean value 6 SD. The values range from 0 to 255. *Entry echo and
underlying echorich lines measured together. the lower border of the echopoor band. This echo signal attenuation
can be reduced by either application of petrolatum (Fig 5b) or
stripping of the surface (Fig 5c).Densitometry The results of the measurements are shown in
Table III. The most echorich structure in all sonograms is the DISCUSSIONentry echo with a mean gray level of around 100. In glabrous skin,
hydration of the horny layer, e.g., by application of petrolatum, Our 100 MHz ultrasound equipment allows a far more detailed
visualization of the upper skin layers as compared with 20–40 MHzcauses a decrease in its echodensity (Fig 5a, b). In palmar skin we
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sonography. Especially with regard to the in vivo assessment of the structures of this dimension, as the cross-sections of the dermato-
glyphics in palmar skin demonstrate. We can conclude that bothhorny layer, 100 MHz sonography is a valuable tool. Whereas in
normal glabrous skin the stratum corneum is too thin (about 12– the viable epidermis and the infiltrated dermis are echopoor and
cannot be differentiated from each other.15 µm according to Kligman, 1964) to be separated from the entry
echo, in palmar skin and hyperkeratotic states it is represented as a These reflections illustrate that it is not only a question of
resolution, whether a structure is visualized sonographically. As wedistinct band and its thickness can be easily determined. Our results
suggest that the echodensity of the horny layer depends on its could show, the resolution of 100 MHz sonography allows to
detect structures as small as a sweat gland duct in the horny layer.water content: psoriatic scales, appearing silvery because of the
included air, are for example much more echorich than the moist With regard to the discrimination between the viable epidermis
and the papillary dermis or between the stroma of basal cellstratum corneum of the palms. The significant impedance gap
between the stratum corneum and the Malpighian layer – visible carcinomas and tumor cell nests (unpublished observations), how-
ever, 100 MHz sonography is not superior to 20 MHz sonography:as an echorich line – can be explained by the different hydration
states of these layers. As demonstrated by various methods, e.g., all these structures appear echopoor. How can this be explained?
MR-imaging (Querleux et al, 1994; Ablett et al, 1996) or measure- According to Fields and Dunn (1973), echoes are only reflected
ment of the transepidermal water loss (Kalia et al, 1996), there is a from the border between two tissues, when they have a different
sudden increase in water content at the border between the horny acoustic impedance at the applied frequency. Obviously, there is
layer and the viable epidermis. no difference in impedance between the viable epidermis, tumor
In 20–40 MHz sonography, some authors have regarded the skin cell masses, dense lymphocytic infiltrates, and fine fibrillary connect-
entry echo as the sonographic correlate of the epidermis or equated ive tissue at 100 MHz, but only between these structures and the
its thickening in hyperkeratotic states with acanthosis (Schwartz reticular dermis. These acoustic tissue properties are the reason
and Murray, 1991; Di Nardo et al, 1992; Stiller et al, 1994). This why Gupta et al (1996a) and Semple et al (1995), using 40–60 MHz
has, however, been disproved by others, who found no correlation sonography, could not improve imaging of skin tumors as compared
between the sonometric thickness of the entry echo and the with 20 MHz.
histometric thickness of the stratum corneum or the epidermis So far, few research groups have built ultrasound units, which
(Hoffmann et al, 1994; Murakami and Miki, 1989). Today most work at center frequencies well above 25 MHz. Severe difficulties
authors agree that the skin entry echo is an artefact caused by the in the technical realization, outlined in detail elsewhere (El Gammal
change in impedance between the coupling water and the horny et al, 1993; Paβmann et al, 1993), were the main reason. In 1984,
layer (Gniadecka et al, 1994; Hoffmann et al, 1994; Seidenari, Dines et al did not succeed in obtaining sharp images using a 50-
1995). This hypothesis is confirmed by our results: the entry echo MHz transducer, because they could not eliminate the many
remains, no matter whether the horny layer is stripped, occluded internal echoes, and for this reason they confined themselves to
with topical agents, or entirely removed. In most 20 MHz studies, 25 MHz sonography. We solved this problem by highpass filtering
the echo signal was strongly amplified to get a high signal depth of the images in a horizontal direction. Using a 50 MHz transducer,
penetration. This, however, leads to a significant blurring of the we could demonstrate the thickened horny layer of psoriatic lesions
entry echo. This effect as well as the low lateral resolution of only as an echorich band with an irregular surface (El Gammal et al,
200 µm entails that the entry echo is represented as a 100–250 µm 1993, 1994). A very promising ultrasound workstation with four
thick, relatively homogeneous band (Hoffmann et al, 1994). During different transducers (40, 50, 68, and 92 MHz, axial resolution
image aquisition of the 100 MHz sonograms we applied the B/D- between 17 and 30 µm) was developed by Turnbull et al (1995).
scan technology, which allows to select a specific amplification for A disadvantage of their equipment is the small depth of field in
each of the 4–8 horizontal stripes, which compose the sonographic the sonograms (only 350 µm for the 92 MHz transducer). Although
image. An overamplification of the entry echo is thus avoided. Its the focus zone of our 100 MHz transducer is also only 400 µm,
thickness is about 80 µm and due to the high lateral resolution of we achieved a depth of field of 3.2 mm using the B/D-scan. In
27 µm it reflects even fine irregularities of the skin surface like the their paper, Turnbull et al show 68 MHz sonograms of normal
dermatoglyphics or the rough surface of psoriatic lesions. palmar skin, which exhibit the same layers as ours; however, they
In 20–40 MHz sonograms of normal glabrous skin, the dermal misinterpreted the entry echo as the stratum corneum and the EPB
reflexes are directly adjacent to the entry echo. At 100 MHz, the 1 as the stratum granulosum. To be able to see dermal reflexes,
resolution is sufficient to show a thin echopoor band above the they overamplified the entry echo, so that the EPB 1 is hardly
dermal reflexes. Its thickness and its straight lower border suggest discernible.
that it represents the viable epidermis together with the papillary In the future, we should aim at the development of ultrasound
dermis. At the transition from normal skin to a psoriatic plaque systems with markedly higher frequencies for in vivo skin imaging.
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